Sphaerodoridae is a group of benthic marine worms (Annelida) characterized by the presence of spherical tubercles covering their whole surface. They are commonly considered as belonging to Phyllodocida although sistergroup relationships are still far from being understood. Primary homology assessments of their morphological features are lacking, hindering the appraisal of evolutionary relationships between taxa. Therefore, our detailed morphological investigation focuses on different Sphaerodoridae as well as on other members of Phyllodocida using an integrative approach combining scanning electron microscopy (SEM) as well as immunohistochemistry with standard neuronal (anti-5-HT) and muscular (phalloidin-rhodamine) markers and subsequent CLSM analysis of whole mounts and sections. Furthermore, we provide histological (HES) and light microscopical data to shed light on the structures and hypothetical function of sphaerodorid key morphological features. We provide fundamental details into the sphaerodorid morphology supporting a Phyllodocida ancestry of these enigmatic worms. However, the muscular arrangement and the presence of an axial muscular pharynx is similar to conditions observed in other members of the Errantia too. Furthermore, nervous system and muscle staining as well as SEM and histological observations of different types of tubercles indicate a homology of the so called microtubercles, present in the long-bodied sphaerodorids, to the dorsal cirri of other Errantia. The macrotubercles seem to represent a sphaerodorid autapomorphy based on our investigations. Therefore, our results allow comparisons concerning morphological patterns between Sphaerodoridae and other Phyllodocida and constitute a starting point for further comparative investigations to reveal the evolution of the remarkable Sphaerodoridae.
Sphaerodoridae is a group of benthic marine worms (Annelida) characterized by the presence of spherical tubercles covering their whole surface. They are commonly considered as belonging to Phyllodocida although sistergroup relationships are still far from being understood. Primary homology assessments of their morphological features are lacking, hindering the appraisal of evolutionary relationships between taxa. Therefore, our detailed morphological investigation focuses on different Sphaerodoridae as well as on other members of Phyllodocida using an integrative approach combining scanning electron microscopy (SEM) as well as immunohistochemistry with standard neuronal (anti-5-HT) and muscular (phalloidin-rhodamine) markers and subsequent CLSM analysis of whole mounts and sections. Furthermore, we provide histological (HES) and light microscopical data to shed light on the structures and hypothetical function of sphaerodorid key morphological features. We provide fundamental details into the sphaerodorid morphology supporting a Phyllodocida ancestry of these enigmatic worms. However, the muscular arrangement and the presence of an axial muscular pharynx is similar to conditions observed in other members of the Errantia too. Furthermore, nervous system and muscle staining as well as SEM and histological observations of different types of tubercles indicate a homology of the so called microtubercles, present in the long-bodied sphaerodorids, to the dorsal cirri of other Errantia. The macrotubercles seem to represent a sphaerodorid autapomorphy based on our investigations. Therefore, our results allow comparisons concerning morphological patterns between Sphaerodoridae and other Phyllodocida and constitute a starting point for further comparative investigations to reveal the evolution of the remarkable Sphaerodoridae.
INTRODUCTION
With more than 21,000 described species, the Annelida represent a quite specious and diverse taxon. Many of the well-established groups, often corresponding to the traditional families, are quite unknown, and their relationships, diversity, ecology, and biology have been scarcely investigated. One of these families is the remarkable Sphaerodoridae, a well-defined group of benthic marine worms characterized by the presence of spherical tubercles over their body surface arranged in longitudinal and transverse rows. They are an uncommon, relatively small group with around 110 species, generally found in deep sediments but also in other environments and depths (Capa et al., submitted) . Knowledge concerning life cycle, developmental patterns and ecological claims like, e.g., food source, abiotic range of tolerance or knowledge concerning species annidation in members of this group is scarce so far. And while it is largely accepted that Sphaerodoridae is part of the phyllodocid radiation, its position within the group needs assessment (Pleijel and Dahlgren, 1998; Pleijel, 2001; Worsaae et al., 2005; Aguado et al., 2007; Böggemann, 2009; Aguado and Bleidorn, 2010) . This is mainly caused by missing homology statements of some of the key morphological characters comparable between sphaerodorids and other Phyllodocida Pleijel and Dahlgren, 1998) and the absence or scarce representation of members of this group in molecular phylogenies (Worsaae et al., 2005; Aguado et al., 2007; Böggemann, 2009; Aguado and Bleidorn, 2010; Weigert et al., 2014) . Nevertheless, previous indications concerning potential sistergroups of Sphaerodoridae were represented by the families Syllidae (Ruderman, 1911; Glasby, 1993; Pleijel, 2001; Aguado and Rouse, 2006; Zrzavý et al., 2009) , Phyllodocidae (Pleijel and Dahlgren, 1998; Kuper and Purschke, 2001) and Glyceriformia (Mileikovskii, 1967; Worsaae et al., 2005; Böggemann, 2009; Capa et al., submitted; see also Figure 1 ). However, detailed analyses supporting a reliable sistergroup relationship between Sphaerodoridae and other Phyllodocida are missing so far.
Since very early on, sphaerodorids were classified into two distinct groups according to their general body shape (e.g., Levinsen, (Fauvel, 1911; Kuper and Purschke, 2001) , whereas both molecular and morphological analyses support the glyceriformia as sister taxon (Worsaae et al., 2005; Böggemann, 2009; Capa et al., submitted) . A possible close relationship between Sphaerodoridae and Syllidae is based on both morphological and molecular data (Claparède, 1863; Ruderman, 1911; Pleijel, 2001; Aguado and Rouse, 2006 ) and molecular analyses (Zrzavý et al., 2009). 1883; Fauvel, 1911; Chamberlin, 1919; Lützen, 1961; Pettibone, 1963; Fauchald, 1974) . Most forms are small (less than 2 mm) and have an ellipsoid body shape with a greatly convex dorsal surface ( Figures 2C,D) , but some species are characterized by having longer (up to 20 mm) and slender bodies (Figures 2A,B) , and only a slightly convex dorsal surface. Members of the genera Ephesiella (Chamberlin, 1919) , Sphaerodorum (Ørsted, 1843) and Ephesiopsis (Hartman and Fauchald, 1971 ) fit into the second group of the so-called long-bodied sphaerodorids, whereas members of the other currently accepted genera could be considered (with some exceptions) as short-bodied sphaerodorids. The external morphology of the long-bodied sphaerodorids is largely homogenous among its members, with similar number, arrangement and type of epithelial tubercles, and a less conspicuous pharyngeal "proventricle" (Fauvel, 1911; Fauchald, 1974) . Members of the three genera are only distinguished by the type of chaetae, ranging from simple in Sphaerodorum to compound, in Ephesiella, with Ephesiopsis presenting both types on each segment. Contrary, the short bodied sphaerodorids show a wide diversity in number and shape of epithelial tubercles, types of chaetae, and shape and relative size of head appendages (Figures 2C,D) .
The terminology referring to the surface protuberances in Sphaerodoridae was unsystematically used until Fauchald (1974) proposed to classify them according to their size, shape, position showing the prominent anterior chitinous hooks (ho) (see insert for detailed view), the digitiform microtubercles (mi), the pear-shaped ventral cirri (vc), and the spherical macrotubercles (ma) with terminal papillae. (B) Ephesiella sp. from Australia, with a single macro-(ma) and microtubercles (ma) on top of each parapodium on each body side, typical for long bodied sphaerodorids (anterior is up). (C) Sphaerodoridium sp. from Norway, in ventro-lateral view. Short bodied sphaerodorids exhibit macrotubercles (ma), papillae (pp) (in ventral surface and parapodia) and ventral cirrus (vc) (anterior is left). (D) Sphaerodoropsis cf. minuta in dorsal view with macrotubercles (ma) arranged in several longitudinal rows (anterior is right), with interspersed smaller papillae. ho, chitinous hook; ma, macrotubercle; mi, microtubercle; pa, parapodium; pp, papilla; vc, ventral cirrus.
and, in some cases, their hypothetical function in three different categories: macrotubercles (large dorsal tubercles, sessile or stalked, with or without terminal papillae; Figures 5A,C,D) , microtubercles (dorsal small and digitiform tubercles surrounded by a basal collar; Figures 5A,B,D) and papillae (small, conical, spherical or hemispherical tubercles, on the body surface; Figures 6A-C) .
Sphaerodorids, unlike most other Phyllodocida, do not show conspicuous external segmentation, and the epithelium is covered by a thick cuticle (Webster and Benedict, 1887; Ruderman, 1911; Capa et al., submitted) , and lacking collagen fibers (Kuper and Purschke, 2001; Hausen, 2005) , unlike most polychaetes.
Unlike sphaerodorids, most members of Phyllodocida possess distinct dorsal and ventral cirri associated to each parapodium, regardless if these are uniramous (e.g., Syllidae, some Glyceriformia and Phyllodocidae) or biramous (e.g., most Glyceriformia). Thus, members of Sphaerodoridae represent an atypical case since a distinct dorsal parapodial appendage is lacking. Therefore, it has been suggested that the lateral most row of macrotubercles present on Sphaerodoridae is homologous to the dorsal cirri of other Phyllodocida (Ruderman, 1911; Reimers, 1933; Fauchald, 1974) , or that it could have been lost in a common ancestor of this group (Fauchald, 1974) . Other parapodial protuberances in Sphaerodoridae have been described as parapodial lobes or parapodial papillae, and as ventral cirri (Claparède, 1863) . Nevertheless, a sensory and/or glandular function has been tribute to all of them (Ruderman, 1911; Reimers, 1933; Capa et al., submitted) , the understanding of their different nature and homology between taxa still needs investigations.
Besides differences within arrangement and types of epithelial tubercles, great variation is detectable also within the arrangement of body wall musculature. In general, muscular organization is shown to be a useful tool for understanding relationships among Annelida . Therefore, comparisons between sphaerodorids and syllids were done in the past and have already shown differences regarding number and the position of several body wall fibers (Filippova et al., 2010) . Notably, variation between different members of Sphaerodoridae has also been found. Thus, some of the typical short-bodied forms (Sphaerodoropsis sp.) present longitudinal muscles forming four pairs of discrete bands along the whole body length, with the ventral-most pair being considerably larger than the rest (Reimers, 1933; Kuper and Purschke, 2001; Filippova et al., 2010) . By contrast, the long-bodied forms, like Sphaerodorum flavum (Ørsted, 1843) , apparently have only three pairs of longitudinal bundles and the dorsal and dorsolateral bundles being either fused or closely apposed (Ruderman, 1911; Kuper and Purschke, 2001) . Small bands of transverse (or often called "circular") muscle fibers encircle the body between the epidermis and the longitudinal muscles in the studied sphaerodorids, except for a narrow gap in the mid-ventral line (Ruderman, 1911; Reimers, 1933; Kuper and Purschke, 2001; Filippova et al., 2010) , apparently with an unusual position above the longitudinal fibers (Filippova et al., 2010) .
Another remarkable character present in Annelida is the position and structure of the pharyngeal region. Based on several authors, members of Phyllodocida have a symmetrically developed axial pharynx with a strong muscular region that is often protrusible (e.g., Dales, 1962) and provided with papillae. Glycerids and goniadids (Glyceriformia) also bear chitinized structures such as macro-and/or micrognaths or chevrons (Böggemann, 2005) . For sphaerodorids, the knowledge concerning pharyngeal morphology and taxon specific variation of the latter character is quite scarce. Nevertheless, for several short bodied species a syllid-like structure named "proventricle" is described (e.g., Filippova et al., 2010) .
The proposed project aims to broaden the scant knowledge concerning sphaerodorid morphology and variation within the group, test (after assessment of similarity) if several morphological features used in traditional classifications are homologous and unveil the relationships of members of Sphaerodoridae and other Phyllodocida. For this purpose, integrative use of different microscopic and staining methods will be used, including scanning electron microscopy (SEM), histological staining (HES) and semi-thin sections, and immunohistochemistry with subsequent confocal laser scanning microscopy (CLSM). A description of used morphological features is summarized below.
MATERIALS AND METHODS

SAMPLING OF SPECIMENS
The different species used in this study were obtained from scientific collections or sampled in the field. For further details concerning species identity, sampling location and used method of investigation, please see Table 1 .
LIGHT MICROSCOPY, PHOTOGRAPHY AND DISSECTION OF SPECIMENS
Specimens were examined under a Leica MZ APO and a DM LBZ light and compound microscope, respectively. Photographs were taken with a Leica DFC 420 camera attached to a Leica MZ 16A light microscope and a DM 6000B compound microscope (Leica Microsystems, Wetzlar, Germany). Stacks of multi-focus shots were merged into a single photograph to improve resolution with Leica Application Suite v3.7 software (Leica Microsystems, Wetzlar, Germany). A longitudinal incision through the body wall along the ventrum, from the anterior to posterior segments allowed the broad examination of the internal morphology of specimens, especially the gut and musculature.
Methylene-blue staining was used to highlight glandular areas. Selected specimens were immersed in 70-80% ethanol for several minutes with some previously dissolved crystals of the compound.
SCANNING ELECTRON MICROSCOPY
Specimens were dehydrated in an ascending series of Hexamethyldisiloxane (HMDS) and then air dried. The prepared samples were mounted on holders and sputter-coated with gold (10 nm thickness). The micromorphology and topography were determined using a Philips FEI INSPECT (Hillsboro, Oregon, USA). The samples were observed with the Back Scattering Electron Detector (BSED) with a resolution at high vacuum of 4.0 nm at 30 kV.
HISTOLOGY AND SEMI-THIN SECTIONS
Specimens fixed in 4% formalin, were embedded in paraffin (Leica EG 1160), sectioned (4 μm, with a Leica RM 2255 microtome) and dried at 60 • C. Haematoxylin, Eythosine B and Saffron (HES) staining was performed in the automatic slide stainer Sakura Tissue-Tek©Prisma™. The slides were dried further in the instruments heat chamber, then de-paraffinized through several baths of Tissue Clear (Sakura, Alphen aan den Rijn, Netherlands) and rehydrated through descending grades of ethanol to water. Staining with haematoxylin was followed by bluing in water. Afterwards the slides were stained in erythrosine and rinsed in water for removal of excess dye. Subsequently, the samples were dehydrated through an ascending series of ethanol and stained in saffron (Chemi-Teknic as, Chroma), and rinsed in several baths of absolute ethanol and cleared in Tissue Clear before cover slipping in Sakura Tissue-Tek©Glas™ automatic coverslipper. The sections were dried overnight. Photographs were taken with a Leica DFC 420 camera attached to a DM 6000B compound microscope (Leica Microsystems, Wetzlar, Germany).
IMMUNOHISTOCHEMISTRY AND CONFOCAL LASER SCANNING MICROSCOPY (CLSM)
Whole-mount preparations as well as Vibratome sections were analyzed. Specimens were anesthetized for 5-10 min in a solution of 7% MgCl 2 in freshwater. Whole specimens were then fixed overnight in 4% paraformaldehyde in 0.1 M phosphate buffered saline (PBS, pH 7.4). After several rinses in 0.1 M PBS for at least 2 h, specimens were stored in PBS containing 0.05% NaN 3 at 4 • C. For Vibratome sectioning, fixed specimens were rinsed in several changes of 0.1 M PBS and embedded in a gelatine/albumin medium. The gelatin/albumin blocks were hardened overnight in 15% formalin in 0.1 M PBS at 4 • C and then cut with a VT1000S Vibratome (Leica Microsystems, Wetzlar, Germany) into 70-100 μm thin sections. The sections were washed in several changes of PBS and incubated and subsequently incubated as described for the F-actin and serotonin/tubulin staining.
F-actin (= filamentous muscular actin) staining
To stain muscle tissue, specimens were pre-incubated for 2 × 60 min in 0.1 M PBS and subsequently incubated in a solution containing phalloidin-rhodamine (5 μl methanolic stock solution in 500 μl PBS; Invitrogen, Darmstadt, Germany). Subsequently, specimens were dehydrated in an ascending isopropanol series, treated in Murray's clearing solution (benzyl alcohol plus benzyl benzoate, 1:2) and mounted between two coverslips in DPX (Sigma-Aldrich, St. Louis, USA).
Anti-serotonin (= 5-HT, neurotransmitter), anti-acetylated α tubulin (= basis of microtubules within cilia), and anti-tyrosinated α-tubulin (= basis of microtubules within nerve sheaths) staining
Antibody staining was preceded by tissue permeabilization for 1 h in 0.1 M PBS containing 0.1% NaN 3 and 0.1% Triton X−100 (PTA), suited by incubation in block−PTA (6% normal goat serum (Sigma−Aldrich, St. Louis, USA) in PTA) overnight. The primary antibodies, polyclonal rabbit anti−serotonin (INCSTAR, Stillwater, USA, dilution 1:500), monoclonal mouse anti−acetylated α-tubulin (Sigma-Aldrich, St. Louis, USA, dilution 1:500), together with monoclonal mouse anti−tyrosinated α-tubulin (Sigma-Aldrich, St. Louis, USA, dilution 1:500) were applied for 48-72 h in block-PTA. Afterwards, specimens were rinsed in block-PTA for 3 × 2 h and incubated subsequently with secondary fluorochrome conjugated antibodies (goat antirabbit Alexa Fluor 488, Invitrogen, Carlsbad, USA, dilution 1:500) in block-PTA for 24-48 h. At last, the specimens were washed three times in 0.1 M PBS (without NaN 3 ). Subsequently, specimens were dehydrated in an ascending isopropanol series, treated in Murray's clearing solution (benzyl alcohol plus benzyl benzoate, 1:2) and mounted between two coverslips in DPX (SigmaAldrich, St. Louis, USA). For additional muscular staining, the last washing step of the antibody staining was performed including incubation in phalloidin-rhodamine as described for the F-actin staining. Negative controls were obtained by omitting the primary antibody in order to check for antibody specificity and yielded no fluorescence signal.
Confocal microscopy and image processing
Specimens were analyzed with the confocal laser-scanning microscope Leica TCS STED (Leica Microsystems, Wetzlar, Germany). Confocal image stacks were processed with Leica AS AF v2.3.5 (Leica Microsystems) and Imaris 6.3.1 (Bitplane AG, Zurich, Switzerland). Final panels were designed using Adobe (San Jose, USA) Photoshop CC and Illustrator CC.
RESULTS
EPITHELIAL TUBERCLES
Macrotubercles
The large tubercles in the long-bodied sphaerodorids are characterized by their spherical shape, the presence of a digitiform terminal papilla and its arrangement, one above each parapodium forming two longitudinal rows over the dorsum of the animals (Figures 2A,B) . Macrotubercles are filled with fibrillar material that stains with methylene-blue, denoting its glandular content (observed in LM, not shown). An anti-serotonin staining reveals distinct serotonergic immunoreactivity within the terminal papillae, indicating prominent neuronal innervation of this region. A strong innervation within the vestigial structure is lacking. Furthermore, the surface of the macrotubercle is interspersed with distinct pores (Figures 3A,C,E). F-actin staining shows the presence of prominent sphincter-like muscles around theses pores ( Figure 3B ). Anti-serotonin staining exhibits serotonergic immunoreactivity in the pore area ( Figure 3B) , and anti-acetylated α tubulin staining reveals the presence of cilia in close proximity to the pores ( Figure 3D ). Besides the described
FIGURE 3 | The macrotubercle revealed by SEM (A,C,E) and CLSM (B,D).
In (B) f-actin staining (blue) and serotonergic immunoreactivity (red) are shown. In (D) f-actin staining (blue) and tubulinergic immunoreactivity (red) are shown. (A) Macrotubercle (ma) of Sphaerodorum flavum showing a prominent distal papilla (dp), and distinct glandular pores (gp) on its surface. (B) Confocal maximum projection of the macrotubercle (ma) of Ephesiella sp. with sphincter-like muscles in close proximity to the glandular pores (gp). The glandular pores (gp) and the distal papilla (dp) show a prominent serotonergic immunoreactivity. (C) Ephesiella antarctica exhibiting a well-developed macrotubercle (ma), slighlty collapsed, possessing prominent glandular pores (gp), and a smooth microtubercle (mi). (D) Sphaerodoropsis cf. minuta showing prominent parapodial retractor muscles (pr) and ciliation with tubulinergic immunoreactivity covering the surface of the macrotubercle (ma) and ventral cirrus (vc) . (E) Detailed of the pores within the macrotubercle of Sphaerodorum flavum. dp, distal papilla; gp, glandular pore; ma, macrotubercle; mi, microtubercle; pa, parapodium; pr, parapodial retractor muscle; vc, ventral cirrus.
immunoreactivity and f-actin staining of the glandular pores, the macrotubercle does not possess further prominent muscle fibers or neuronal innervation (see also Figure 9 for schematic overview). Short-bodied sphaerodorids bear, in most cases, large tubercles over the dorsum but they have a different morphology in comparison to long-bodied forms and, regardless they are sessile or stalked, they lack the terminal papillae characteristic of the long-bodied forms (Figures 4A-D) . Several species studied under SEM showed pores on the macrotubercles epithelium, smaller than the long bodied sphaerodorids and in most cases forming groups of three or four (Figures 4A,B) . These tubercles also stained with methylene-blue and in some specimens in a random manner, indicating they may be able to arbitrarily discharge the glandular content ( Figure 4C, see insert) .
Microtubercles
Always present in long-bodied forms, these tubercles have also been attributed to two short-bodied Sphaerephesia species (Fauchald, 1972; Kudenov, 1987a) , but they show different morphology, arrangement and most probably also different nature; so are considered herein as an autapomorphy for members of the long-bodied sphaerodorids. No pores were observed in their surface (Figures 5A-D) , neither these structures stain with methylene-blue (not shown). Anti-α-tubulin staining reveals the presence of a distinct neuronal innervation of the microtubercle, and strong immunoreactivity in the digitiform distal end (Figures 5E,F) . F-actin staining shows longitudinal muscular fibers running through the whole microtubercle and absence of glandular sphincter muscles ( Figure 5F ). Additionally, the digitiform distal end is characterized by strong serotonergic immunoreactivity (see also Figure 9 for schematic overview), indicating strong neuronal innervation and sensory function. 
ma). (E)
Confocal maximum projection of a cross-section of Ephesiella sp. from France showing the strong neuronal innervation of the microtubercle (mi) and the absence of ciliation. The insert shows a cross-section of a histological staining of the same region in Ephesiella abyssorum with the neuronal channel indicated by a gray dotted line. (F) Macro-(ma) and microtubercle (mi) of Ephesiella sp. from France with strong serotonergic immunoreactivity in the microtubercle (mi) and the absence of glandular pores (gp) within the latter structure. gp, glandular pore; ma, macrotubercle; mi, microtubercle; pa, parapodium.
Papillae
Papillae in Sphaerodoridae are smaller than the macrotubercles, and vary in size and shape ( Figures 6A,C,E) . These epithelial protuberances do not possess a digitiform terminal papillae and are generally described as sessile. Nevertheless, the different types of papillae exhibit strong neuronal and muscular innervation (Figures 6B,D,F) , and a distinct ciliation (Figures 6C) indicating a sensory function. Furthermore, some papillae are known to have glandular pores (Figure 6A) . However, methylene-blue staining solely results in a weak or lacking staining pattern indicating lacking glandular content. 
Ventral cirri
A large digitiform or bottle-shaped tubercle commonly referred to as the ventral cirrus ( Figures 7A,E,F) is located at the ventral edge of each parapodium in all sphaerodorids described to date. Methylene-blue staining and HES-staining show its glandular content and the presence of a ventral parapodial gland in close proximity to the ventral cirrus (Figures 7B,C) . Furthermore, a connection between the gland and the cirrus is present (Figure 7B) . Staining against acetylated-α-tubulin reveals the presence of numerous cilia at the surface of the ventral cirrus ( Figure 7D ). Ventral cirri of most species studied (long and short-bodied forms) showed pores on the surface of this structure (Figures 7E,F) and the f-actin staining of the ventral cirrus exhibits sphincter-like musculature around the pores and a strong muscular innervation of the base (Figures 7D,F) . The anti-serotonin staining possesses a prominent serotonergic immunoreactivity in close proximity to the pores and the apical tip ( Figure 7F ) (see also Figure 9 for schematic overview) indicating strong neuronal innervation and sensory areas.
THE BODY WALL MUSCULATURE AND PARAPODIAL MUSCLE COMPLEX
The sphaerodorids investigated herein represent two types of body wall muscle arrangements. Short-body forms (here Sphaerodoropsis cf. minuta (Webster and Benedict, 1887) exhibit six distinct longitudinal muscle bundles at the dorsal side ( Figure 8A ) and two prominent ventral longitudinal muscle bundles ( Figure 8B) . Furthermore, a consistent layer of transverse muscle fibers is present between the longitudinal bundles (Figures 8A,B ; see also Figure 9A for schematic overview). Notably, an outer transverse layer lying above the longitudinal muscles is missing within the investigated species. Furthermore, neither the longitudinal nor the transverse muscle fibers reflect any kind of internal segmentation. In contrast, long-bodied forms (here Sphaerodorum flavum and Ephesiella sp.) exhibit a different pattern of body wall musculature. In these taxa, the longitudinal muscle bundles are arranged as two ventral, two dorsal and two distinct lateral bundles (Figures 8D-F) . Additionally, the transverse fibers form a consistent dense outer layer located above the longitudinal bundles (Figures 8E,F ; see also Figure 9B for schematic overview).
In terms of parapodial muscle fibers, both the short-bodied and the long-bodied forms investigated herein exhibit a similar pattern. Parapodia consist of distinct parapodial retractor muscles and prominent chaetal flexor muscles forming the V-shaped parapodial cone ( Figure 8C) . Additionally, distinct acicula retractor muscles leading from the base of the aciculum toward the body margin are present in both groups (Figures 8A,B) .
THE PHARYNX
Fixed sphaerodorids sometimes show a slightly everted pharynx provided with at least terminal papillae ( Figure 10A ). Short-body forms exhibit a thickened muscular axial bulbous ( Figure 10F ). This structure is often visible through the body wall with light microscopy as different in arrangement of fibers to the rest of the gut. Contrary, long-bodied forms show an often coiled pharynx anteriorly that progressively enlarges or is diminished in size but has no clear apparent distinction from the rest of the gut (see this most likely artificially everted structure in Figure 10A , and in a dissected specimen in Figure 8B ). The axial pharynx is quite prominent in the elongated sphaerodorids [e.g., shown here for Ephesiella sp. (Figure 10B ) and Sphaerodorum flavum ( Figure 10C) ], whereas the stout forms solely possess a small muscular bulb (shown for Sphaerodoropsis cf. minuta; Figure 10F ). In sagittal and cross sections, distinct radial muscle fibers are visible (Figures 10C-E,G) . Forming the outer part of the muscular pharynx, the radial fibers run from the pharyngeal Long bodied sphaerodorids represent well-developed ventral and dorsal longitudinal muscle fibers (lm) and a dense meshwork of transverse muscle fibers (tm) forming an outer muscle layer. (E) The transverse muscle fibers form an outer muscle layer. Solely the region of the parapodia (pa) is left out. (F) A lateral view of the midbody regions reveals the presence of longitudinal muscle fibers (lm) within one ventral, one latero-dorsal and one dorsal-most bundle. cf, chaetal flexor muscle; lm, longitudinal muscle fiber; ma, macrotubercle; mo, mouth opening; pa, parapodium; pr, parapodial retractor muscle; tm, transverse muscle fiber; tp, terminal papilla; vc, ventral cirrus.
lumen toward the outer surface of the pharynx (Figures 10C-E) . In Sphaerodorum flavum, the radial fibers seem much denser in the pharyngeal bulbous, whereas the anterior buccal cavity only possesses an irregular meshwork of muscle bundles (Figure 10C) . At least within the investigated long bodied taxa, the buccal cavity exhibits distinct longitudinal muscle fibers. The pharyngeal lumen of the posterior part is framed by an additional prominent muscular layer formed by distinct bundles of fibers ( Figure 10D ).
FIGURE 9 | Schematic representation of muscular patterns and serotonergic immunoreactivity within cross-sections long bodied (A)
and short bodied (B) sphaerodorids. Dorsal is up in all images. Main muscle fibers and serotonergic immunoreactivity are color-coded (see legend), ar, acicular retractor; cf, chaetal flexor; in, intestine; lm, longitudinal musculature; mf, muscle fiber innervating the ventral tubercle; pr, parapodial retractor muscle; si, serotonergic immunoreactivity; sm, glandular sphincter-like muscle; tm, transverse muscle fiber.
In both, the elongated and stout forms, the radial muscle fibers are arranged in distinct rows surrounding the whole pharynx (Figures 10F,G) .
MUSCULAR AND NEURONAL PATTERNS WITHIN BODY APPENDAGES OF POTENTIAL SISTER TAXA
Due to the fact that the sistergroup of Sphaerodoridae is discussed controversially (Figure 1) , we investigated representative species out of the candidates postulated in the past, namely Glyceridae (Glyceriformia), Phyllodocidae and Syllidae (see Ruderman, 1911; Glasby, 1993; Pleijel and Dahlgren, 1998; Kuper and Purschke, 2001; Pleijel, 2001; Worsaae et al., 2005; Aguado and Rouse, 2006; Böggemann, 2009; Zrzavý et al., 2009; Capa et al., submitted) . To provide important and so far missing comparable morphological characters, we investigated the myoanatomy and serotonergic nervous system of Glycera tridactyla (Glyceridae), Eulalia clavigera (Phyllodocidae) and Prosphaerosyllis sp. (Syllidae).
In Glycera tridactyla (Schmarda, 1861 ) (Glyceriformia) the body wall musculature comprises two prominent ventral and two dorsal longitudinal muscle bundles forming an inner muscle layer ( Figure 11A) . Notably, the longitudinal bundles are not fused. The outer transversal muscle fibers are situated mainly at the dorsal side forming a less dense outer muscle layer. The transverse muscle fibers do not form a continuous layer ( Figure 11A) . Instead, the transverse muscle fibers are also involved into the formation of the outer surface of the parapodium, but with focus on main muscular patterns this fact is not included herein. Furthermore, the parapodia are biramous and represent two sets of prominent parapodial retractor muscle fibers forming the V-shaped parapodial outer cone. Additionally, distinct acicula retractor muscles run from the base of the aciculum toward the lateral body margin and chaetal flexor muscles leading from the chaetal tip toward the medio-ventral region are exhibited ( Figure 11A ). Further on, Glycera has distinct dorsal and ventral cirri. Both types of cirri possess a well-defined muscular innervation (mainly at the basal part) and distinct serotonergic immunoreactivity ( Figure 11A) .
In Eulalia clavigera (Phyllodocidae) the body wall musculature is also comprised of two prominent ventral and two dorsal longitudinal muscle bundles forming the inner layer of the body wall muscle complex ( Figure 11B ). Like described for Glycera, the longitudinal bundles are not fused. Additionally, a median longitudinal muscle bundle is present, running along dorsally of the inner side of the ventral nerve cord. The outer transverse muscle fibers are similar to the conditions described for glycerids as well. Thus, they are situated mainly dorsally forming a less dense outer muscle layer. The transverse muscle fibers do not form a continuous layer (Figure 11B) . In Eulalia, the parapodia are uniramous and represent one set of distinct parapodial retractor muscle fibers forming the outer parapodial cone, well-developed acicular retractor muscles and chaetal flexor muscles leading from the chaetae toward the medio-ventral region ( Figure 11B) . In Eulalia, the dorsal and ventral cirri are well developed with the dorsal cirri forming paddle-like appendages. Both types of cirri possess a well-defined muscular innervation (mainly at the basal part) and distinct serotonergic immunoreactivity ( Figure 11B) .
Muscular patterns and serotonergic immunoreactivity in Prosphaerosyllis sp. (Syllidae) is comparable to the conditions described for Glycera and Eulalia. Thus, the body wall musculature is represented by two prominent ventral and two dorsal longitudinal muscle bundles forming an inner muscle layer ( Figure 11C) . The longitudinal bundles are not fused and a median muscle bundle is present as well. The outer transverse muscle fibers are situated mainly at the dorsal body forming a less dense outer muscle layer. The transverse muscle fibers do not form a continuous layer ( Figure 11C) . The parapodia in Syllidae are uniramous and gain prominent parapodial retractor muscle fibers representing the outer part of the parapodial cone. Additionally, distinct acicular retractor muscles connecting the aciculum with the body wall musculature and prominent chaetal flexor muscles leading from the chaetal tip toward the median muscle bundle are possessed ( Figure 11C) . Again distinct dorsal and ventral cirri are present. Both types of cirri bear a well-defined muscular innervation (at basal and apical parts) and distinct serotonergic immunoreactivity ( Figure 11C ).
FIGURE 11 | Confocal maximum projections (left) and schematic representation of muscular patterns and serotonergic immunoreactivity in Glycera tridactyla (A), Eulalia clavigera (B), and Prosphaerosyllis sp. (C).
Within the confocal maximum projections, f-actin fibers (blue) and serotonergic immunoreactivity (red) are shown. In the schematic drawing, major muscle fibers and serotonergic immunoreactivity are color-coded (see included legend). The insert in (C) shows a ventral view of the parapodial region exhibiting the ventral cirrus (vc). AR, acicular retractor muscle; CF, chaetal flexor muscle; dc, dorsal cirrus; IN, intestine; LM, longitudinal muscle fiber; MF, muscle fibers innervating the cirri; pa, parapodium; PR, parapodial retractor muscle; SI, serotonergic immunoreactivity; TM, transverse muscle fibers; vc, ventral cirrus; vn, ventral nerve mass.
DISCUSSION
Different morphological methods alone provide a limited picture of organ systems and their complex morphological characters. In this paper, we combine various standard morphological methods, like light microscopy, SEM and histological staining, and immunohistochemistry with subsequent CLSM to understand the morphology, structure and function of selected features and to establish homology statements within Sphaerodoridae and between them and other members of Phyllodocida. For the first time, a detailed comparison between a range of sphaerodorids, including long and short bodied forms is presented. Furthermore, we provide necessary and so far missing data concerning myoanatomical and neuronal patterns of the previously considered potential sphaerodorid sister taxa Glyceriformia, Phyllodocidae, and Syllidae.
SPHAERODORID TUBERCLES AND HOMOLOGY STATEMENTS
A remarkable feature of the Sphaerodoridae is the presence of various types of tubercles. In earlier studies it has been speculated that these structures could be either refer to the ovaries (Ørsted, 1844) , respiratory organs (Johnston, 1845) , secretory glands (Claparède, 1863) , sensory glands (Kölliker, 1864; SaintJoseph, 1894) or a combination of the latter two (Ruderman, 1911; Capa et al., submitted) . Herein, we show that the socalled macrotubercles exhibit a thinner cuticle compared to the rest of the body and numerous pores on their surface (see also Claparède, 1863) . The glandular internal structure and the presence of neuronal and muscular innervation around the pores support their secretory function (as in Ruderman, 1911; Capa et al., submitted) while the strong neuronal innervation of the terminal papilla and the presence of outer cilia indicates an additional sensory role (as in Ruderman, 1911; Filippova et al., 2010; Capa et al., submitted) .
Macrotubercles of the species studied showed evident pores, with some ciliation, and they are filled with glandular content regardless their different external morphology (with or without terminal papillae or stalks). All of these structures also presented a neuronal innervation restricted to the distal end and muscle fibers present at the base of the structure and surrounding the pores (sphincter muscles) on its surface. They are therefore here considered as homologous structures among the Sphaerodoridae. Even though members of Eurysyllis (Ehlers, 1864) (Syllidae) are described to exhibit four longitudinal rows of spherical tubercles provided with pores (San Martín, 2003) and members of Goniadopsis (Fauvel, 1928 ) (Goniadidae) are described with up to four more or less distinct flattened tubercles occurring on each side of the dorsum of anterior mid-body segments (Böggemann, 2005) , their nature and also the ultrastructure are unknown so far and could represent adaptations to their lifestyles without a common origin.
Earlier studies have postulated homology of the sphaerodorid macrotubercles with the dorsal cirri of other polychaetes (Ruderman, 1911; Reimers, 1933) , a hypothesis that is here refuted. Instead, some evidences point to the microtubercles present in the long-bodied sphaerodorids as homologous structures to dorsal cirri in other polychaetes. There are only one pair per segment, located dorsally to the parapodia, they seem to lack glandular content and pores, and instead they are strongly innervated. These characteristics are similar to the dorsal cirri of other taxa. However, e.g., in Syllidae, some dorsal cirri are described to contain glandular content as well (San Martín, 2003) . The muscular arrangement of microtubercles is reduced, but this has also shown to be the case in other polychaetes (e.g., Filippova et al., 2010) . Thus, our data indicate a homology of the microtubercles found in sphaerodorids and the dorsal cirri known for other Errantia. If long-bodied forms are basal in the sphaerodorid radiation, the absence of comparable structures in the investigated short-bodied sphaerodorids would indicate a secondary loss. Besides their presence in the longbodied sphaerodorids, microtubercles have also been reported in two species of Sphaerephesia (Fauchald, 1972 (Fauchald, , 1974 Kudenov, 1987a) but their morphology shows differences with the microtubercles of long-bodied forms, and are considered herein just papillae.
According the remaining minor tubercles, known as papillae, their neuronal and muscular innervation, and the presence of distinct ciliation indicate a sensory function as described for the other tubercle types. Nevertheless, glandular pores as described for the other types are only exhibited within some papillae, but negative methylene-blue staining indicates absence of glandular content within these protuberances. Flabelligeridae (SalazarVallejo et al., 2008) and some Syllidae (Sphaerosyllis Claparède, 1863; Prosphaerosyllis San Martín, 1984 , 2003 , San Martín et al., 2008 exhibit prominent papillae at the body surface as well, but function and fine-structure are unknown so far. Therefore, homology statements are hardly possible.
According to the similar muscular and neuronal innervation of the ventral cirri, which is comparable to conditions observed within the potential sister taxa and the presence in members of most Phyllodocida, our data support a homology of ventral cirri in sphaerodorids and the ventral cirri in the remaining Phyllodocida. Furthermore, other syllids also exhibit distinct pores within the ventral cirri, and distinct parapodial glands with pores at the parapodial surface are known for e.g., Syllidae, Nephtyidae and Pisionidae as well (Clark, 1955; Akesson, 1961; Russell, 1991; San Martín, 2003; San Martín et al., 2008) .
MYOANATOMY AND PHYLOGENETIC IMPLICATIONS
In concordance with a previous CLSM-based study from Filippova et al. (2010) dealing with muscular patterns of the short bodied sphaerodorid Sphaerodoropsis sp., and the histological investigations of Reimers (1933) done for Sphaerodoropsis sp. and Sphaerodoropsis baltica (Reimers, 1933) , our data support the presence of eight distinct longitudinal muscle bundles forming two prominent ventral and three pairs of dorsal longitudinal bundles in short-bodied sphaerodorids, forming the inner layer of the body wall musculature (Reimers, 1933; Kuper and Purschke, 2001; Filippova et al., 2010) . Interestingly, the herein investigated long-bodied sphaerodorids (Ephesiella and Sphaerodorum) exhibit two prominent ventral longitudinal muscle bundles and only two pairs of dorsal longitudinal muscle bundles, as indicated by Ruderman (1911) and Kuper and Purschke (2001) . These muscular bands are composed of large flattened cells lying in single rows and with the nuclei located on the distal part facing the coelomic cavity (Kuper and Purschke, 2001; Tzetlin and Filippova, 2005) .
Elongated sphaerodorids like, e.g., Sphaerodorum and Ephesiella, possess transverse muscle fibers covering mainly dorsal and lateral body parts between the epidermis and the longitudinal muscles, similar to other Phyllodocida examined. Notably, a ventro-median gap within the transverse muscle layer is present (see also Ruderman, 1911; Reimers, 1933; Kuper and Purschke, 2001) . In short-bodied sphaerodorids the muscular arrangement of the transverse fibers varies drastically. In these taxa, the transverse muscle layer is represented by few distinct bands located in each segment and these are situated between the longitudinal ones (see also Filippova et al., 2010 ). An outer transverse muscle layer encircling the longitudinal muscle bundles is absent. Additionally, prominent bracing muscle fibers are described for Sphaerodoropsis (Filippova et al., 2010) . A homology of the transverse muscle fibers, and the transverse/circular muscle fibers in the elongated sphaerodorids and other annelids has to be verified.
Presence of prominent longitudinal bundles and dorsal transverse fibers is reported for most phyllodocid annelids Purschke and Müller, 2006) . Thus, four distinct longitudinal bundles are present in most Errantia , and the presence of two additional dorsal longitudinal muscle fibers in long-bodied Sphaerodoridae and four additional fibers in short-bodied forms has to be assumed as a secondary condition. A dorsal outer muscle layer of transverse muscle fibers is also known for Hesionidae, Nereidididae, Syllidae, Myzostomida and Phyllodocidae Purschke and Müller, 2006; Filippova et al., 2010; Helm et al., 2013) . Being also present in taxa outside the phyllodocid radiation, like e.g., in most Eunicida and Sedentaria, and members of the Amphinomidae and Sipuncula (see Weigert et al., 2014 for phylogenetic details, Gustafson, 1930; Wanninger et al., 2005; Purschke and Müller, 2006; Filippova et al., 2010 ) a plesiomorphic condition has to be assumed for the presence of transverse muscle fibers. Therefore, the arrangement of longitudinal and transverse muscle fibers in long-bodied sphaerodorids is similar to the conditions known for most annelids, and thus has to be regarded as an ancestral character. A division of the dorsalmost longitudinal bundles into smaller bundles as described for the long-bodied sphaerodorids is also known for several members of the Errantia, e.g., Syllidae, Polynoidae, Chrysopetalidae, Aphroditidae, and Myzostomida Purschke and Müller, 2006; Helm et al., 2013) . Due to the high variability concerning the arrangement of longitudinal muscle bundles in different taxa, usability of this character for evolutionary questions remains unclear (see also Tzetlin and Filippova, 2005) . Nevertheless, distinct bracing muscles, like described for short bodied sphaerodorids, are known for most Phyllodocida as well (Mettam, 1971; Tzetlin and Filippova, 2005) . The specific arrangement of transverse fibers in between the longitudinal muscle bundles, like described for the short bodied Sphaerodoridae, is hardly visible in other annelid families so far. The only comparable arrangement of transverse muscle fibers is described for Lobatocerebridae (Rieger, 1991) and Spionidae . However, detailed investigations of the latter data suggest convergent origin of the described patterns. Furthermore, herein presented data indicate a secondary loss of "true" outer transverse fibers in short bodied sphaerodorids, and thus give another hint for these clade as being derived within the Sphaerodoridae. According to the parapodial arrangement and muscular innervation, sphaerodorids exhibit a pattern which is known for other phyllodocid polychaetes as well. Sphaerodoridae typically possess uniramous parapodia supported by a single straight aciculum. Similar parapodial muscle patterns showing prominent sets of protractor and flexor muscles can be found within the biramous Glyceridae, Aphroditidae, and Nereididae, and are shown herein for the uniramous phyllodocids and syllids, and the putatively errant Myzostomida as well (Storch, 1968; Tzetlin and Filippova, 2005; Helm et al., 2013) . Notably, within Glyceriformia, several taxa are uniramous as well and others bear both uni-and biramous conditions (e.g., Storch, 1968) . Thus, the plesiomorphic parapodial muscle pattern supports an phyllodocid ancestry of the Sphaerodoridae, too. Due to similar muscular arrangements within all possible sistergroups, a statement concerning a sphaerodorid ancestry based on muscular patterns is hardly possible.
THE MUSCULAR PHARYNX
Besides the presence of tubercles covering the whole animal and the remarkable myoanatomy, another notable feature of sphaerodorids is the presence of an axial muscular pharynx, comparable to others found in other Phyllodocida Pleijel, 2001; Tzetlin and Purschke, 2005; Filippova et al., 2010) . Although often termed as "proventricle" (a structure typical for Syllidae) (Ruderman, 1911; Reimers, 1933; Rouse and Fauchald, 1997; Pleijel and Dahlgren, 1998; Pleijel, 2001; Worsaae et al., 2005; Aguado and Rouse, 2006) , based on detailed investigations (Filippova et al., 2010) , a homology of the sphaerodorid bulbous muscular pharyngeal structure and the syllid proventricle has to be neglected. In sphaerodorids the muscular pharynx does not exhibit the structures typical for the pharynxes in Syllidae, such as a division into an eversible, straw-like, muscular pharyngeal tube followed by a non-eversible sucking bulb-like proventricle with highly specialized musculature (see Tzetlin and Purschke, 2005 and references therein). Thus, the term "proventricle" should be avoided in this group. Nevertheless, our data indicate the presence of a proventriclelike muscular axial pharynx in long-bodied Sphaerodoridae for the first time, as it has been considered as absent in the past (Fauvel, 1911) . Superficial differences between short and long bodied forms indicate that the pharynx present in Ephesiella and Sphaerodorum is divergent to the fully developed barrel-shaped structure present in short bodied sphaerodorids. Nevertheless, the less developed proventricle-like structure in long bodied forms is embedded in a well-developed axial pharynx with thickened circular muscles if sectioned. Some authors also have proposed that this pharynx is eversible (Ruderman, 1911; Reimers, 1933; Pettibone, 1963 Pettibone, , 1982 Fauchald, 1974 Fauchald, , 1977 Rouse and Fauchald, 1997; Wilson, 2000) and that it is provided with terminal papillae (Rathke, 1843; Fauvel, 1911; Ruderman, 1911; Wilson, 2000) , two characters which are supported by our data as well.
PROSTOMIAL APPENDAGES IN SPHAERODORIDAE
According to the literature available, comparisons of the sphaerodorid prostomial appendages with the appendices found in other Phyllodocida are hardly possible. Investigations of the neuronal innervation of the anterior appendages are missing so far (Orrhage, 1990; Orrhage and Müller, 2005) and misinterpretations of neuronal characters lead to confusions in the past (Glasby, 1993; Aguado and Rouse, 2006; Reuscher and Fiege, 2011) . As shown herein, most sphaerodorids investigated so far bear two pairs of anterior prostomial appendages, and a single dorsal-most appendage which often differs in shape and size, but there are some species described with three pairs of lateral appendages and a single dorsal one. Based on several recent publications the ventral-most pair of appendages is named palps, the dorsal pair lateral antennae, and the unpaired appendage is called median antennae Pleijel and Dahlgren, 1998; Wilson, 2000; Pleijel, 2001; Worsaae et al., 2005; Aguado and Rouse, 2006; Böggemann, 2009; Filippova et al., 2010; Magalhães et al., 2011; Moreira and Parapar, 2011; Reuscher and Fiege, 2011; Moreira, 2012) , and the extra dorsal most pair has often been referred to as annteniform papillae. Compared with other errant annelids, this naming seems plausible (Aguado and Rouse, 2006) . However, glycerids and goniadids show a different morphology of the anterior end (Orrhage, 1999) . Based on the recent data, a homology statement of the prostomial appendages in sphaerodorids compared to structures in other members of the Errantia is not possible. Thus, more investigations are needed dealing with the neuronal innervation and ultrastructural details of these remarkable structures.
SPHAERODORID SISTERGROUP RELATIONSHIPS
Mainly due to the development of the pharynx forming an ellipsoid muscular structure, called "proventricle" (Ruderman, 1911; Glasby, 1993; Pleijel, 2001; Aguado and Rouse, 2006 ), a close relationship of syllids and sphaerodorids was early suggested by various authors. Besides this prominent character, the presence of uniramous parapodia, compound chaetae, the absence of parapodial branchiae in most species and a scarcely developed circulatory system (Claparède, 1863) , in combination with some DNA sequence data (Zrzavý et al., 2009 ) were found as indications that supported such close relationship. Nevertheless, other molecular studies (Aguado et al., 2007; Capa et al., submitted) and differences in the arrangement of pharyngeal muscle fibers (Filippova et al., 2010 and herein) did not reach same conclusions.
Other shared similarities like the muscular axial pharynx exhibiting terminal papillae (Fauvel, 1911) , occurrence of protonephridia with distinct solenocytes, and a well-developed vascular system (Kuper and Purschke, 2001 ) and mitochondrial sequences (Capa et al., submitted), were suggested as evidences for a sistergroup relationship of Sphaerodoridae and Phyllodocidae. Nevertheless, analyses of morphological data (Pleijel and Dahlgren, 1998 ) neglected a closer relationship of both taxa.
Additionally, Sphaerodoridae and Glyceriformia have been suggested as being sistergroups due to analyzes dealing with molecular data (Böggemann, 2009; Capa et al., submitted) or combined morphological and molecular datasets (Worsaae et al., 2005) . Although, earlier discussions concerning a potential relationship have taken place (Rathke, 1843; Grube, 1850) , only some similarities on the larval development have been reported so far (Mileikovskii, 1967) .
Based on our analyses, the question concerning a sphaerodorid ancestry cannot be unequivocally solved. Due to our myoanatomical investigations, all three possible sister taxa provide a similar set and arrangement of body wall and parapodial muscles (see Figure 11) . Furthermore, the myoanatomy and serotonergic innervation of the cirri is comparable between all three groups. Recent molecular analyses including a comprehensive group of sphaerodorids and other Phyllodocida representatives indicated sistergroup relationship of Sphaerodoridae and Goniadidae, but only weakly supported (Capa et al., submitted) . There are no morphological features that could be considered as the synapomorphies supporting this close relationship. Both sphaerodorids and goniadids have a different general aspect, body wall musculature, head morphology and pharynx development (Orrhage, 1999; Böggemann, 2005) . Sphaerodorids share some superficial similarities with phyllodocids such as the presence of reduced head appendages, presence of an eversible pharynx with papillae, provided with strong circular muscles and the occurrence of protonephridia with distinct solenocytes (Fauvel, 1911; Kuper and Purschke, 2001) , but there are also sound differences between members of these two groups. Further developmental studies are needed to limit the field of potential sistergroups and to solve the question concerning a sphaerodorid ancestry. Nevertheless, we provide fundamental morphological insights into myoanatomical and neuronal features of sphaerodorids and the three possible sistergroups important for further comparative analyses.
CONCLUSIONS
We provide important new details into the sphaerodorid morphology, as well as into the myoanatomy and neuroanatomy of the three potential sistergroups, giving further support for a phyllodocid ancestry of these enigmatic worms. Thus, the pattern of body wall and parapodial musculature and the presence of an axial muscular pharynx is similar to conditions observed for other members of the Phyllodocida. Nevertheless, the presence of a thick cuticle and the epithelial tubercles arranged in rows, represent sphaerodorid autapomorphies. Further on, neuronal and muscular patterns as well as detailed external and histological observations of the tubercles indicate a homology of microtubercles present in long-bodied sphaerodorids and dorsal cirri in other Phyllodocida. Additionally, the appendices known as ventral cirri in sphaerodorids and those cirri of other Phyllodocida appear to be homologous as well. Macrotubercles of at least the taxa examined seem homologous, but it will be interesting to assess the sphaerodorid relationships and establish the character polarization of macrotubercles, considering taxa described lacking these large tubercles (Kudenov, 1987b; Sardá-Borrroy, 1987) . Notably, long bodied sphaerodorids seem to represent several features shared with other Phyllodocida (presence of microtubercles as reduced dorsal cirri, muscular pharynx not developed as a bulbous, barrel-shaped structure and transverse fibers covering the longitudinal bands). Recent molecular investigations aiming to assess Sphaerodorid relationships with DNA sequence data (Capa et al., submitted) do not preclude such a hypothesis. Results indicate that Sphaerodorum and Ephesiella are derived within the Sphaerodorid topology. Further molecular and morphological investigations and developmental studies are necessary to illuminate the evolution of Sphaerodoridae and to solve the question of a possible sphaerodorid ancestry.
